The NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines) allow many systemic therapy options for patients with metastatic non-small cell lung cancer (NSCLC). This analysis uses the NCCN NSCLC Outcomes Database to report on first-line therapy practice patterns and concordance with NCCN Guidelines. The analysis was limited to patients diagnosed with metastatic NSCLC between September 2006 and November 2009 at 1 of 8 participating NCCN Member Institutions. Patient characteristics, regimens used, and guidelines concordance were analyzed. Institutional variation and changes in practice over time were also measured. A total of 1717 patients were included in the analysis. Of these, 1375 (80%) were treated with systemic therapy, most often in the form of a carboplatin-based doublet (51%) or carboplatin-based doublet with targeted therapy (17%). Overall, 76% of patients received care that was concordant with NCCN Guidelines. Among patients with good performance status (n = 167), the most common reasons for not receiving first-line therapy were that therapy was not recommended (39%) or death occurred before treatment (33%). The most common reason for receiving nonconcordant drug therapy was the administration of pemetrexed or erlotinib before its incorporation into the NCCN Guidelines for first-line therapy (53%). Most patients in this cohort received care that was concordant with NCCN Guidelines. The NSCLC Outcomes Database is a valuable resource for evaluating practice patterns and concordance with NCCN Guidelines among patients with NSCLC.
Lung cancer is one of the deadliest and most common cancers in the United States. An estimated 226,000 cases of lung cancer will be diagnosed in 2012, and 56% of these will be distant-stage disease. Prognosis for patients with advanced disease is poor, with only 4% alive 5 years after diagnosis. 1 Most patients with lung cancer are diagnosed with non-small cell lung cancer (NSCLC), which constitutes 85% of diagnoses. 2 Because of the aggressive and incurable nature of metastatic NSCLC, selection of first-line therapy is a critical decision point in the treatment of advanced lung cancer. The oncology provider must balance toxicity, expected survival benefit, and impact on quality of life.
The NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines) for NSCLC provide recommendations for the treatment of cancer (available at NCCN.org). 3 Recommendations are based on the most Recommendations are reviewed at least once a year to reflect the emergence of practicechanging evidence. NCCN Guidelines for NSCLC recommendations provide many options for firstline systemic drug therapy. In recent years, recommendations for first-line management have included targeted therapies in addition to chemotherapeutic agents. Furthermore, first-line therapy recommendations have evolved to depend on histology subtype and biomarker test results.
The NSCLC component of the NCCN Outcomes Database was developed in 2007. A primary objective of the NCCN Outcomes Database is to measure the quality of care among patients with cancer through capturing practice patterns at NCCN Member Institutions and comparing these data with NCCN Guidelines recommendations. Currently, the NCCN Outcomes Database Project comprises 5 active disease sites: breast cancer, non-Hodgkin's lymphoma, colon/ rectal cancer, ovarian cancer, and NSCLC.
The primary aim of this analysis is to describe first-line therapy patterns for patients with metastatic NSCLC and examine concordance between first-line therapy decisions and NCCN Guidelines recommendations. Because of the recent rapid evolution of evidence and recommendations for firstline metastatic NSCLC and lack of recent data on practice patterns for first-line therapy, a need exists to evaluate first-line therapy practice patterns in a large-scale, multi-institutional setting.
Methods

Data Source
The NCCN NSCLC Outcomes Database is a multiinstitutional observational cohort study with participation from the following institutions Data collection includes patient, disease, and treatment characteristics that are manually abstracted from medical records by trained data managers at each participating site. Data are abstracted for each patient in 6-month intervals for the first 2 years of follow-up, and annually thereafter. Patients who permanently transfer their care or are diagnosed with a new other cancer are subsequently only followed for survival data.
Reliability and validity of the abstracted data are assessed through several processes, including real-time logic checks, monthly data manager training teleconferences, quarterly quality assurance testing, biannual in-person data manager training, and annual data audits wherein abstracted data are compared with source documentation. Data collection and storage policies have undergone Institutional Review Board review and approval at each participating institution. Two participating centers require patient informed consent for participation, whereas the other participating institutions have deemed this project to be minimal risk research with adequate privacy safeguards and have granted waivers for informed consent.
Patient Cohort
The NCCN NSCLC Outcomes Database was queried to identify 2258 patients diagnosed with metastatic disease (stage IV or IIIB with malignant pleural effusion 4 ) between September 2006 and November 2009. Patients were subsequently excluded from the analysis if they did not have at least 90 days of quality follow-up (n = 259; 11%), received any cancer-directed therapy before diagnosis of metastatic disease (n = 75; 4%), initiated first-line therapy at an outside institution (n = 152; 8%), or underwent a resection of primary and metastatic disease sites (n = 55; 3%). After exclusions, 1717 patients were included in the analytic cohort.
Characterization of First-Line Therapy and Guidelines Concordance
First-line therapy was defined as the initial cytotoxic and/or targeted drug therapy regimen each patient received after diagnosis. Drug regimens were analyzed according to drug therapy category and individual regimens.
Patients receiving off-trial first-line therapy were classified as receiving concordant treatment if all drugs within their first-line therapy regimen were recommended as first-line drugs in the NCCN Guidelines and the patient did not have any clinical characteristic, such as poor performance status (PS), that contradicted the guidelines recommendation for first-line therapy. During the study period, 3 versions containing updates to the treatment algorithm of the NCCN Guidelines were published. [5] [6] [7] Each version contained a change to the recommendations for first-line therapy. Therefore, patient concordance was assessed against the latest version of the NCCN Guidelines at the time of drug therapy initiation (or diagnosis date for patients who did not receive drug therapy).
Because the NCCN Guidelines state that clinical trials are considered the best management for any patient with cancer, patients receiving any part of first-line drug therapy directed by a clinical trial were classified as concordant. Patients with an unknown parameter relevant to determining patient concordance (i.e., patients with unknown PS or histology subtype) were assumed to have received concordant care in the absence of any clear evidence of nonconcordant care (n = 298). A sensitivity analysis was performed to evaluate the impact of this assumption on the results.
Statistical Analysis
All analyses were performed with SAS v9.2 (SAS Institute Inc., Cary, NC). Significant differences between proportions were assessed using the Pearson χ 2 test. Significant trends over time were assessed using the Cochran-Armitage test for trend. Multivariate logistic regression models were used to compute adjusted odds ratios to assess the association between patient demographic or clinical factors and the odds of receiving systemic drug therapy or enrollment in a clinical trial. All tests were 2-sided, with an alpha of 0.05 as a cut-off for statistical significance.
Results
Cohort Characteristics and Receipt of Systemic Drug Therapy
Demographics and clinical characteristics for the 1717 patients in the cohort are shown in Table 1 . Median age at diagnosis was 64 years. The cohort was equally represented by male (51%) and female (49%) patients. Most patients presented with adenocarcinoma (62%), squamous (15%), or unspecified NSCLC histology (19%).
Overall, 80% (n = 1375) of patients received first-line drug therapy, of which 18% (n = 244) received therapy on a clinical trial. When stratified according to treating institution, use of first-line drug therapy ranged from 69% to 90%, whereas the percentage of drug therapy that was protocol-directed ranged from 4% to 30%. In multivariate logistic regression models, patients with poor baseline PS and who were smokers at diagnosis or quit smoking within 1 year of diagnosis were less likely to receive systemic drug therapy (P < .001; Table 1 ).
Among patients receiving first-line therapy, PS was the only analyzed patient characteristic associated with receiving first-line therapy on a clinical trial, with 10% of patients with PS 2 (adjusted odds ratio [OR], 0.4; 95% CI, 0.3-0.8) and 12% of those with PS 3 (adjusted OR, 0.6; 95% CI, 0.2-1.7) enrolled in a trial compared with 20% (n = 198) of patients with PS 0/1. Race was unrelated to enrollment with 18% of Caucasian, 19% of African American, 19% of Hispanic, and 16% of Asian patients enrolled (P = .90).
Characterization of Off-Trial First-Line Therapy
Drug therapy categories for the 1131 patients receiving off-trial first-line drug therapy are shown in Figure 1 . Platinum-based doublets (n = 676; 60%) and platinumbased doublets combined with a targeted therapy agent (n = 214; 19%) constituted the most common therapy strategies for this group. Single-agent targeted therapy (n = 148; 13%) and single-agent chemotherapy (n = 91; 8%) were less commonly administered in this setting. Table 2 reports the specific drug combinations received within each off-trial first-line drug therapy category. Carboplatin (n = 779; 87%) was more commonly used than cisplatin (n = 111; 12%) among 2-and 3-drug platinum-based therapies, although an increase in cisplatin administration was observed over time, with 7%, 9%, and 21% of patients diagnosed in 2007, 2008, and 2009, respectively, receiv- ing cisplatin-based therapy (P for trend < .001). This increase seems to be driven by use of cisplatin/pemetrexed +/-bevacizumab regimens, which increased from 1 patient in 2007 to 32 patients in 2009. Among institutions, the use of cisplatin in platinumbased regimens varied from 4% to 22%. Paclitaxel was the most common cytotoxic partner agent combined with a platinum agent (n = 402; 45%), followed by pemetrexed (n = 216; 24%), docetaxel (n = 133; 15%), and gemcitabine (n = 102; 11%). The use of cytotoxic partner agents varied by treating institution, with paclitaxel use ranging from 28% to 68%; pemetrexed use ranging from 4% to 41%; and both docetaxel and gemcitabine use ranging from 0% to 29%. For all but one institution, paclitaxel was the most common partner agent used in platinumbased regimens. Across the study period, pemetrexed use increased from 7% in the beginning of 2007 to 46% in the last 6 months of 2009 (P for trend < .001; Figure 2 ). Use of other cytotoxic agents declined during the study period (all P for trend < .002).
Among patients treated with platinum-based doublets, 22% were combined with bevacizumab (n = 199), 1% with erlotinib (n = 11), and less than 1% with cetuximab (n = 4). Institutional use of bevacizumab ranged from 12% to 29%, and overall use remained stable across the study period (P for trend = .58).
A minority of patients received either singleagent or non-platinum-based systemic drug therapy (Figure 1 ; n = 241; 21%). Most of these patients received either single-agent erlotinib (n = 148; 61%) or single-agent cytotoxic therapy (n = 91; 38%). Pemetrexed (n = 37; 15%), gemcitabine (n = 24; 10%), and vinorelbine (n = 17; 7%) were the most commonly administered single-agent cytotoxic drugs. Use of single-agent erlotinib remained stable across the study period (P for trend = .12).
Concordance With NCCN Guidelines Recommendations
Overall, 76% (n = 1311) of patients received firstline therapy in concordance with NCCN Guidelines recommendations. Institutional concordance ranged from 73% to 81%. Among patients with concordant care, 68% (n = 892) had good, marginal, or undocumented PS (ECOG PS 0/1/2/unknown) and received systemic drug therapy as recommended, 19% (n = 244) were enrolled in a clinical trial, and 13% (n = 175) had poor or undocumented PS (ECOG PS 3/4/ unknown) and did not receive systemic drug therapy.
Of the 406 patients who were classified as nonconcordant, 167 (41%; Table 3 ) had good or marginal PS (ECOG PS 0/1/2) and did not receive any cancer-directed cytotoxic or targeted drug therapy. The most common reasons noted in the medical record for not receiving drug therapy were that therapy was not recommended by the medical oncologist (n = 66; 39%) or the patient expired (n = 56; 33%; median 65 days from diagnosis to death). The remainder of patients classified as nonconcordant (n = 239; 59%; Table 3 ) received systemic drug therapy wherein at least one aspect of the therapy was nonconcordant with NCCN Guidelines recommendations. The most common reason was the administration of erlotinib or pemetrexed before their inclusion as a first-line therapy option in the NCCN Guidelines (n = 126; 53%). The second most common reason was the administration of erlotinib in current and former smokers who did not undergo epidermal growth factor receptor (EGFR) testing (n = 56; 23%); most of these patients had quit more than 12 months before diagnosis (n = 43; 77%).
A significant increase in concordance was observed across the study period ( Figure  3 ; P for trend = .004), from a low of 71% in the second half of 2007 to 84% in the latter 6 months of 2009. After excluding patients who are classified as nonconcordant because of receipt of erlotinib or pemetrexed before the guidelines recommendations (n = 126), the concordance rate remained stable at approximately 82% across the study period (P for trend = .35). 
Concordance Sensitivity Analysis
A concordance sensitivity analysis was conducted to evaluate the impact of assuming patients with either an unknown PS or unspecified NSCLC histology received concordant care when all other concordance parameters were met (n = 298). Based on these assumptions, 76% (95% CI, 74%-78%) of patients were classified as concordant (1311/1717). Excluding all patients with unknown PS (n = 232; 110 received first-line therapy and 122 did not) an undefined histology (n = 35), or both (n = 31), a concordance rate of 71% (95% CI, 69%-74%) was observed (1013/1419). If patients with missing PS or undefined histology are assumed to have a similar distribution of PS or histology as was observed in patients with known data, then a concordance rate of 70% (95% CI, 68%-72%) is seen (1202/1717).
Discussion Main Findings
This article describes patterns of first-line therapy at 8 large NCI-designated academic cancer centers. The most commonly administered therapies in the cohort were platinum-based doublets, of which carboplatin/paclitaxel was the most common. Pemetrexed was the second most common cytotoxic agent combined with a platinum agent, and its use increased considerably over the study period. Although carboplatin was the more common platinum agent, use of cisplatin did increase over time. This increase seems to be driven by the increased use of cisplatin/pemetrexed combination therapy. The proportion of patients receiving first-line therapy in a clinical trial was similar to the 15% accrual rate reported among all patients treated at NCCN Member Institutions.
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A 2-drug chemotherapy regimen is the current standard of care for first-line treatment of NSCLC. In select subgroups, targeted agents may be used either in place of or in combination with a chemotherapy doublet. Single-agent chemotherapy is generally not recommended except in patients with marginal PS 2.
3 Adding a third chemotherapy agent has not been shown to improve survival. 9 Despite the consensus surrounding the use cytotoxic doublets, it is not clear which combination of cytotoxic agents constitutes the most effective first-line therapy. 3 This lack of consensus is reflected by the considerable institutional variability in cytotoxic agents partnered with a platinum agent. During the study period, Scagliotti et al. 10 published a phase III trial showing a 1.7-month improvement in overall survival and better tolerability with cisplatin/pemetrexed compared with cisplatin/gemcitabine among patients with adenocarcinoma histology. The publication of these data in mid-2008 corresponds with the observed increase in pemetrexed use noted in the current study. This increased use seems to have occurred at each of the institutions examined.
Several studies have demonstrated the efficacy of doublets containing either carboplatin or cisplatin. 11 In a meta-analysis of 15 randomized trials, 12 cisplatin doublets were associated with a statistically significant 16% increased relative 1-year survival advantage (hazard ratio [HR], 1.16, P = .001) over non-platinum-based doublets, whereas no statistically significant difference in 1-year survival between carboplatin and non-platinum-based doublets was observed (HR, 0.95; P = .42). Despite the improved survival associated with cisplatin, carboplatin was far more commonly used for the patients with metastatic NSCLC reported herein. This likely reflects the better overall tolerability of carboplatin versus cisplatin, 12 and that therapy for metastatic NSCLC is generally focused on disease control and palliation of symptoms. Cisplatin has been associated with an increased risk of severe symptomatic side effects, especially nausea and vomiting.
Concordance
In this cohort, most patients received care that was concordant with the NCCN Guidelines, and the concordance rate was similar among all institutions. Most patients receiving care that was classified as nonconcordant received erlotinib or pemetrexed before their incorporation into the NCCN Guidelines. The physicians in these scenarios may have been practicing according to recently discovered evidence that had not yet been added to the NCCN Guidelines or in anticipation of evidence based on preliminary research findings. 10, [13] [14] [15] [16] [17] Furthermore, clinical decisions incorporating a patient's preference for less toxic therapy may also result in receipt of nonconcordant treatment. These are examples of how quality care and concordant care are analogous but not interchangeable concepts, wherein nonconcordant care may still be appropriate care. This distinction should be noted when analyses comparing practice patterns to guidelines recommendations are performed.
Use of erlotinib as first-line therapy remained consistent throughout the study period despite its incorporation into the guidelines as a first-line therapy option in August 2007. 6 This may reflect uncertainty over the appropriate patient selection criteria for erlotinib first-line therapy, wherein the initial phase III clinical trials examining first-line efficacy identified a survival advantage for patients classified as never-smokers, 14, 15 and retrospective work observed a correlation between select mutations in the EGFR gene and erlotinib effectiveness. 13, 16, 17 Data from these retrospective studies have subsequently been supported in prospective trials of gefitinib 18 and erlotinib. 19 This evolution in evidence regarding the use of up-front erlotinib therapy can be observed in changes to the NCCN Guidelines: from the initial recommendations to consider use in patients without a smoking history or documented EGFR mutation in version 1.2008, 6 to a recommendation for Time trend of the use of cytotoxic partner agents among patients receiving off-trial, platinum-based drug therapy (n = 890). All trends except "other" were statistically significant (all P for trend < .002).
patients with poor PS in version 1.2009, 7 to a recommendation for use only in patients with a documented EGFR mutation in version 1.2010 . 20 This uncertainty in effective use likely also explains the nonconcordant use in patients with a smoking history without documented EGFR mutation, because many of these patients may have quit years before diagnosis, leading the treating provider to classify them as nonsmokers when considering therapy options.
This history is in contrast to that for pemetrexed, wherein the initial phase III clinical trial 10 demonstrated efficacy in a subgroup of patients with an adenocarcinoma histology, leading to inclusion in the NCCN Guidelines as a first-line therapy option in September 2008. After the initial release of these data in the fall of 2007 and the subsequent peer-reviewed publication in July 2008 (available online in late May), a rapid increase in pemetrexed use was observed. The contrast in the uptake and concordant use of these 2 agents, both of which have been shown to be effective in the treatment of select subgroups of patients, illustrates the importance of clear definitive evidence on the timely and appropriate use of new agents in everyday clinical practice.
The data from this analysis highlight several opportunities for quality improvement at NCCN Member Institutions. The study revealed a significant percentage of patients with undocumented PS, a key clinical characteristic in determining care for patients with metastatic NSCLC. Although PS was likely considered at the time that treatment decisions were made, the documentation of PS is critical to evaluating whether patients are receiving appropriate care. Furthermore, analysis showed that a subset of patients with good PS did not receive first-line therapy because they were not referred to a medical oncologist or they died before a decision could be made regarding treatment. These situations stress the importance of referral to an appropriate specialist in a timely manner.
Strengths and Limitations
Strengths of the analysis include the high level of quality and completeness of the data, and the ability to report not only whether patients who met the recommendations for receipt of first-line therapy did receive therapy (and vice versa) but also whether the actual therapy received was in accordance with 21 ), suggesting that younger patients are more likely to seek care at multidisciplinary cancer centers. In addition, the authors assumed that patients with unknown PS or histology received care that was concordant with the guidelines as long as no other known clinical factor indicated that the patient received nonconcordant care. Although this may have inflated the concordance rate in the cohort (median age, 64 years), sensitivity analyses show that if these patients had been excluded from the concordance analysis, the concordance rate would not have drastically changed.
Conclusions
As the NCCN NSCLC database matures, it will be an invaluable resource for measuring practice patterns and concordance to NCCN Guidelines recommendations over time. The database also allows assessment of quality of care and benchmarking of guideline concordance over time among participating cancer centers. Future work includes examining guideline concordance among other clinical cohorts and points in care, including therapy for nonmetastatic patients, evaluating use of appropriate diagnostic tests, and assessing quality of end-of-life care. In addition, the database has tremendous potential for comparing outcomes among therapy groups and assessing the outcomes of concordant and nonconcordant care.
Examining practice patterns over time allows unique insight into the incorporation of new evidence into clinical practice. During the period examined, a large increase in use of pemetrexed was observed in the first-line setting. Although erlotinib Figure 3 Concordance time trend highlighting a significant increase in concordance (P = .004) across the study period (n = 1717). Arrows indicate dates where either erlotinib (8/23/07) and pemetrexed (9/10/08) were first included as an option for use in first-line therapy.
use remained stable during the study period, recent data regarding the appropriate use of erlotinib as first-line therapy in patients with a documented EGFR mutation are expected to lead to an increase in the concordant use of erlotinib. Future work will continue to examine the impact of practice-changing evidence on treatment of NSCLC, including monitoring the uptake of newer agents, changes in use of more traditional cytotoxic agents, such as carboplatin-or cisplatin-based therapy, and characterizing changes in treatment approach, such as use of maintenance therapy.
